
• Major Discovery Potential:
0νββ-decay & EDM

• Precision measurements
Neutrino mixing & hierarchy
Weak decays, PVES, gμ-2

• Electroweak probes of QCD
PVES, Hadronic PV, νN scatt…

Scientific Opportunities



The Origin of Matter & Energy

Beyond the SM SM symmetry (broken)

Electroweak symmetry 
breaking: Higgs ?

Cosmic Energy Budget

?

Baryogenesis: When? 
CPV? SUSY? Neutrinos? 

WIMPy D.M.: Related 
to baryogenesis?

“New gravity”? Lorentz 
violation? Grav baryogen ?

“Known Unknowns”

Nuclear Science mission: explain 
the origin, evolution, & structure of 
the baryonic component

Leptogenesis: discover 
the ingredients: LN- & CP-
violation in neutrinos

Weak scale 
baryogenesis: test 
experimentally: EDMs



0νββ-Decay: LNV? Mass Term? 
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EDM Probes of New CP Violation
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If new EWK CP violation is responsible for abundance 
of matter, will these experiments see an EDM?

Also 225Ra, 129Xe, d

SNS, ILL, PSI

Yale, Indiana, Amherst

ANL, Princeton, TRIUMF…

BNL



Baryogenesis: EDMs & Colliders
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Theory progress & 
challenge: refined 
computations of baryon 
asymmetry & EDMs

ILC reach

baryogenesis



Precision Probes of New Symmetries

Beyond the SM SM symmetry (broken)

Electroweak symmetry 
breaking: Higgs ?

New Symmetries 

1. Origin of Matter
2. Unification & gravity
3. Weak scale stability
4. Neutrinos μ−
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Precision Neutrino Property Studies

Mixing, hierarchy, & CPV
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Long baseline 
oscillation studies:

CPV?

Normal or Inverted ?



Precision Neutrino Property Studies

Solar Neutrinos

KamLAND Borexino SNO+ LENS

Ice Cube

High energy solar νs

DM + 
EWB



Weak decays & new physics
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Non (V-A) x (V-A) 
interactions: me/E

SNS, NIST, LANSCE, RIA?

Vud from neutron 
decay: LANSCE, 
SNS, NIST

Similarly unique probes of 
new physics in muon and 
pion decay

SUSY models

CKM, (g-2)μ, 
MW, MtM˜ μ L > M˜ q L

TRIUMF & PSI



Weak Mixing in the Standard Model

Scale-dependence of Weak Mixing

JLab Future

SLAC Moller

Parity-violating electron scattering

Z0 pole tension



Probing SUSY with PV Electron Scattering
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TIFF (LZW) decompressor
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Muon Anomalous Magnetic Moment
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Recommendations



Resources



Project Funding for Neutrinos and Fundamental Symmetries

Total: $514m



DUSEL Funding Candidates

Total: $300m



Non-DUSEL Projects

Total: $214m



Resources
Equivalent to a major new initiative:

“New Standard Model Initiative” (NSMI)
• ~ $750m over 10+ years
• One major new facility (DUSEL)
• Targeted program at other facilities

Benefits to NP:
• Make NP a major player in era of historic 

discovery potential; we can help write 
the textbook on the new SM

• Builds on substantial achievements since 2002 LRP 
& development of strong groups

• Attractive to junior scientists
• Economy of resources & synergy with other NP 

facilities


